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Chiari Malformation Type 1 (CM1), first described by Hans Chiari in 1891,\[[@ref1]\] is a congenital condition characterized by abnormally shaped cerebellar tonsils that are displaced below the level of the foramen magnum.\[[@ref2]\]

In the last decades, with the advent of neuroimaging, particularly magnetic resonance imaging (MRI) the diagnosis of CM1 has been on the rise, with an estimated prevalence of 1% in the pediatric population.\[[@ref3]\]

The pathogenesis of CM1 is heterogeneous, but always involves a discrepancy between content "forebrain and hindbrain" and container "supratentorial cranial vault, posterior fossa" with or without associated abnormalities of the craniocervical junction.\[[@ref3]\]

*NKX2-1* gene is a member of the homeodomain-containing *NK-2* gene family and encodes a transcription factor expressed during early development of thyroid, lung, and forebrain, particularly the basal ganglia and hypothalamus.\[[@ref4]\] Germline mutations of *NKX2-1* can lead to dysfunction in any of these three organs\[[@ref5]\] and the resulting disorder is known as choreoathetosis and congenital hypothyroidism with or without pulmonary dysfunction, or brain--lung--thyroid syndrome.\[[@ref6]\] Roughly half of affected patients have the complete triad of brain, lung, and thyroid symptoms but the phenotype is variable both between and within families.\[[@ref6]\] Central nervous system involvement (hypotonia and chorea) is a classic early finding in *NKX2-1*-related disorders, but structural brain abnormalities were rarely identified.\[[@ref7]\]

We report the first case of a girl with a genetically identified mutation in *NKX2-1* with a CM1.
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We report a female patient, born at full term (39 weeks) by vaginal delivery, following an uneventful pregnancy. She was born in good condition with a birth weight of 2750g and Apgar scores of 9 and 10 at 1min and 5min, respectively. Metabolic newborn panel was positive for a congenital hypothyroidism (TSH level of 110.9 mIU/L) and levothyroxine was started at a dose of 25 mcg on eighth postnatal day. Cervical ultrasonography revealed a thyroid gland without any focal lesions but with a size in the lower limit of normal. She is the first child of healthy non-consanguineous parents, and her family history is unremarkable in the enlarged families of both parents.

She was referred to a tertiary care hospital at 24 months with a diagnosis of hypotonia and gross motor delay. Motor milestones were achieved late (she could sit independently at 15 months and was not able to walk independently at the current observation). She had no dysmorphic features on physical examination and on neurological examination she had truncal and gait ataxia, with dysmetria and normal eye movements. A metabolic panel was ordered, along with an electromyogram (EMG) and a brain MRI. Both metabolic panel and EMG were normal, and brain MRI revealed a CM1 \[[Figure 1](#F1){ref-type="fig"}\], with cerebellar tonsils placed 10 mm below the foramen magnum, without associated anomalies of the cranio-cervical junction. A next-generation sequencing panel for hereditary ataxias was ordered and ultimately revealed normal. She was able to walk independently at 26 months and at a subsequent review at the age of three years old she presented with choreoathetosis of the upper limbs, which led to a presumptive diagnosis of an *NKX2-1*-related disorder. Polymerase chain reaction sequencing of *NKX2-1* gene revealed a heterozygous pathogenic variant, c.859_860insTGCC (p.Arg287Leufs\*?) ---- exon 3, which has not been described before, that disrupts the reading framework, originating an *NKX2-1* protein with a different [C]{.smallcaps}-terminal. Tetrabenazine was started and chorea improved. Nowadays, at six years old, her cognitive profile is characterized mainly by a speech sound disorder (articulatory), with normal expressive and receptive language skills, and also by a motor coordination disorder (both gross and fine motor and handwriting skills). She has a slight coreoathetosis of upper limbs and cerebellar ataxia with dysarthria, dysmetria, and unsteady gait. She requires ongoing educational support and rehabilitation. Her IQ is in the low-normal range for her age. Although she has no signs or symptoms of pulmonary disease so far, she was evaluated in Pneumology Clinic and has a normal chest X-ray and normal pulmonary function tests.
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Some rarely identified structural brain anomalies in patients with an *NKX2-1*-related disorder have been reported, including abnormal sella turcica,\[[@ref8]\] agenesis of the corpus callosum,\[[@ref9]\] cavum septum pellucidum with microcephaly,\[[@ref10]\] hypoplastic pallidum,\[[@ref11]\] and pituitary cysts.\[[@ref12]\] To the best of our knowledge, we describe the first patient with an association of a CMT1 malformation and an *NKX2-1*-related disorder, expanding the (already wide) spectrum of manifestations of *NKX2-1*-related disorders.

Homeobox genes, such as *NKX2-1*, are genes that direct the formation of many body structures during early embryonic development. In the course of brain development, *NKX2-1* expression is found in both telencephalic and diencephalic domains\[[@ref13]\] and is involved in interneuron specification and migration. Lack of functional *NKX2-1* protein in neurons impairs developmental differentiation and organization of basal ganglia and basal forebrain.\[[@ref14]\] To date, there are reports of multiple interactions between *NKX2-1* and other genes.\[[@ref15]\] We hypothesize that *NKX2-1* may interact with other genes responsible for cerebellar migration, skull bone abnormalities, or any other factors resulting in overcrowding in the posterior fossa, resulting in a CMT1.

We also highlight a novel *NKX2-1* mutation c.859_860insTGCC (p.Arg287Leufs\*?) that has never been reported before, but is located on a mutational hot-spot at exon 3, with six mutations affecting this site previously been reported\[[@ref12]\] and affects the [C]{.smallcaps}-terminal activation domain. The distribution of point mutations in the *NKX2-1* gene causing *NKX2-1*-related disorders is uneven,\[[@ref12]\] which ultimately leads to different clinical phenotypes.

The absence of pulmonary involvement is not unexpected, as approximately 50% of patients do not have pulmonary symptoms.\[[@ref16]\] Although the highest risk for occurrence of pulmonary manifestations is in the first decade of life, there have been reports of pulmonary fibrosis occurring in older individuals,\[[@ref17]\] and thus an annual evaluation including pulmonary function tests is recommended.

Cognitive status in patients with an *NKX2-1*-related disorder has historically been considered normal,\[[@ref18]\] although congenital hypothyroidism, if untreated, could lead to an intellectual developmental disorder. However, despite a normal cognitive profile, dysgraphia due to the choreic movements and the speech sound disorder both require continuous educational support and rehabilitation both with speech and occupational therapy. Furthermore, the chorea itself may predispose to social embarrassment and isolation.
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In summary, we highlight a further case of an *NKX2-1*-related disorder with a novel mutation on exon 3 and expand the spectrum of structural brain abnormalities in these disorders to include a CM1. Further genetical investigation might elucidate an underlying pathogenic interaction between the *NKX2-1* homeobox gene and posterior fossa overcrowding. A high index of suspicion should be maintained in patients with either congenital hypothyroidism or pulmonary disease with motor developmental delay that progresses to a movement disorder. As the awareness of the phenotypic variability of *NKX2-1*-related disorders is increasing, more cases will likely be diagnosed.
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